Fig. 1 



Divisional of USSN 09/787,139 

Inventors: HonchinEN } 

Filed: January 6, 2004 

Formal Drawings 

Sheet 1 of 47 




CN| try 



CM m 





O 

cs 
o 

o <" 

CM H 



CO 




Divisional of USSN 09/787,139 
Inventors: HonchinEN 
i S . 2 Filed: January 6, 2004 

Formal Drawings 
Sheet 2 of 47 



(a) 



222ZZZZ2ZZZZ2ZZ22K 



1006al 

ion 



1012 




1006b 



(*>) 



1006a 



EZZZ 




□ ^1011 
1006b 



formation of openings 
fox via holes 



* 1007 
1006a ,uu/ 

izzzzzzza 




1011 
1006b 



formation of 
electrolesa Cu plating 



1008 




1003 



1006a 




1008 ▼ 



formation of 

Cu electroplating 

1003 

1009 



* - * 




1010 

ion 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 3 of 47 



Fig. 3 



Fig. 4 




DC PC PR ^ on s t an t 

plating plating plating voltage 

pulse 

plating 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
i 8 . 5 Sheet 4 of 47 




i g. 6 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 5 of 47 




S . 7 




1103b 

1101b 
1103a 



1101a 



8 



(fl ) 



4J 

M 
H 

O 



4J 

§ 0 





9 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 6 of 47 



U 
M 

O 



0 




Time 



(*>) 



4J 
i— 1 



0 




Time 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 7 of 47 




formation of hole fox contact: 




(O 




1016 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
... Sheet 8 of 47 

Fig. 11 



2008 




2004 2004a 2010 2004 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 9 of 47 




Fig. 13 



Divisional of USSN 09/787,139 
Inventors: Honchin EN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 10 of 47 



2004 



2004a 

( 



(a) 




2002 
2001 



(b) 



2004a 2010 2004 



2004a 2004 2003 

I 



2009a 



2010 



2012 



Ep—2002 



2004a 



2004 



i i / 1 r > A }? > > i j \ 



2010 20122003 2004 

2009 X \ 2 004a ( 2004a 




irm 




2004a 2010 2004 2 N 003 





ZZ2 



• * I - ft • 



jz— r^-< L__/__i 

2009a 2010 2012 2003 2004a 2004 



2002 
2001 



200 2 



(c) 



2013 2003 2010 
2004a I 2004 / 2013 



. ™™ 2012 2003 20 P 4a 2004a 
\ 2009 N V 2004 / 




2004a I 2013 \ 2003 
2010 2004 2013 
2005 2007 
2004a I 2004 



2002 



2001 
2002 



2009a / 2012 A 2004a 2004 
2010 2003 



2009 



2004a 



2005 



2004 
-2004a 



(d) 




2m *f < 2004 

2005 



2002 

2001 
2002 



2007 2009a 2012 



2005 



2004a 



'2004 



Fig. 14 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 1 1 of 47 



2004a 



2005 

\ 2004 ( 

ESS* / JS\ T 



2007 2009 2005 

2010 \ 2004a J 2Q04 .2004a 

mm 



(a) 




2002 
2001 



2002 



2004a 

2010 / 2004 

2005 2007 

2004a 2004 

2005 / 2007 



2010 \ 2010 

2009a I 2004a 

2005 



2002 



(b) 



2002 



2009a 2004 
. , zo /° \ 2004a \ 2012 2004a 



V 1:y.-t \ M-.v.- 




■ / • I. ■ t . • -/ • • 





/ 2010 ) 2004 
2004a 2005 2007 

2003 2012 
2004a 2 °%04) 2 °° 7 , ,20,0 



zzzzzzzz 



2010 




2002 
2001 



2002 



2009a 
2013 



2004a / 2004 
2012 



2004a 



2013 



2004a 



2002 



(c) 




2002 



2001 



Fig. 15 



. Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 12 of 47 

2^5 2004a; 004 " 2007 



. » ..» 



-\ 7. " . • 



2010 2 «* 2009 22°- 7 2004 



(a) 



r * * i • • i _ 



2002--- : •.•.t^-.'. '::' 



2010 



2005 



2004a 2004 




2004a f ""^2004 2007 \ 2010 , 2Q04a 



2005 



2005 
2010 2005 



2007 
2007 



2004 



2002 



(b) 



2002 




2010 

2004a 2004 



2007 f 2005 

2005 2010 



2007 



2004a 



2002 



(c) 



2002 



2017 2017 
2016 \ 2015 2010 2016 1 2015 

onn» 2004 I / J 2005 / 2 °09a I / ) 2004 

2004a 



- i ^ s ^ 



553 





2010 / 
2004a 2004 



2015 



2016 



2017 



2010 „\ 2004a 
2007 



F i s 



1 6 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 13 of 47 




2002 



Fig. 17 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 14 of 47 



(A) 



3030A 



303 f 




3031 



3031 



h~3030 



(B) 




3030 



3031 



(C) 




3031 




3030 



3031 



3035 



(D) 



30 , 35 3031 
^ s ss: 




3030 



3036 



3033 



3034 



(E) 




^3031 



3030 



3036 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 15 of 47 



Fig. 18 



f 



(F) 



(G) 



3038 



3036a 



3036 




i 




^3030 



3038 

3040 U Cf 3040 3034 

L . • p » . . . • • .-4. ..•.,,„•...••(...•. 



3034 

1 




• • K. v \. — • • i. i I * 

• • * j> 0 r\„ i7S J •*• . py • 



3030 



■ 



(H) 



( I ) 



3Q40 
3036 J 3036a 




3030 



3038 



3040 




-3030 



t 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
... Sheet 16 of 47 

Fig. 19 




3046 3044 



3048 3050 




Divisional of USSN 09/787,139 
Inventors: Honchin EN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 17 of 47 

Fig. 20 



(N) 



3054 _ 3054 
3052 



• • • 





\v\ :.: y.'.'/ i'V>' ;v.' t ■'•\Vi'. y : ? <r ":y.v 

• •• ••• ••• •«•««« « • * , • ■ • • • • • •••• ••• 



1 



• • ■ • • * ■ • • • « « » * » * > 



3052 




3054 



3050 



3030 



3056 3054 3056 




3056 



3060 




_ 3058 „„ 3058 
3056 v 3052 



so 



3061 




3056 



(P) 




3050 



Z^3030 



3060 



3058 



3058 



I' 




I 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 19 of 47 " 



(T) 




3074 



(U) 




3076D 3076D 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
g 23 Formal Drawings 

Sheet 20 of 47 




Fig. 24 



Divisional of USSN 09/787,139 
Inventors: Honchin EN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 21 of 47 



3030A 



3031 



(A) 



3030 



3031 



3031 



(B) 




3032 



(C) 




3031 




3031 



3030 



3032 



(D) 




3035 




t=i 1 



7 



3033 

3094 3035 3Q32 3033 3031 3092 3094 



3030 



(E) 




3036 



K ^ s 1 



3 



3030 



3033 



3034 



r3031 



(F) 




3030 



3036 



I 



t 



Fig. 25 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 22 of 47 



3030A 



3031 



(A) 




3030 



3031 



3031 



(B) 



1 7 } > rr 




'3030 



3031 



3032 



(C) 




3031 

' > (7^>> >>>)>>>? r rr-r 




3031 



3030 



(D) 




3035 3 0 32 3035 3031 




3030 



3036 



(E) 




3033 



'3034 




3031 



3030 



3036 



* 

t 

Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
F i g . 2 6 Formal Drawings 

Sheet 23 of 47 




3046 3044 



Fig. 27 



3330A 



Divisional of USSN 09/787,139 
Inventors: Honchin EN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 24 of 47 



3331 



(A) 




3331 



3332 3331 



( B) 





3330 



3331 



(C) 



3333 3332 333] 



3336 




3330 



3333 3332 



3331 



3331 3333 

,~ QO 3334 
3333 / 3331 



(D) 




3330 



3336 



o«„ 3358 
3350 l 



3333 



3334 



3334 



3331 




3330 



3334 



t 



Divisional of USSN 09/787, 139 
Inventors: HonchinEN 
Filed: January 6, 2004 
p> : o o Formal Drawings 

8 • ° Sheet 25 of 47 



(a) 



4Q08 




-4001 



4008 



( b) 



4004 



4009a 



4004 




4001 



4004 



(c) 



( d) 



4004 



4010 

4004a t 4009 



4004 



4010 



4009a 



4004a 




4001 



4004 



4009a 
4010 V 4009 



4004a 




4001 



4004a 



4004 



I 

I 

«• I 

Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Fig. 29 Filed: January 6, 2004 

Formal Drawings 
Sheet 26 of 47 




4004 4006 4011a 4010 4004 



Fig. 30 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 27 of 47 



(a) 



(b) 



(c) 



(d) 



4011b 4012 
4011a I 4004 



4009 



4004 
4004a V 4011a 




40043 ^ 4012 
40]1a 40 , 10 4004| 003 



4001 



4002 



r 

4011a 4010 4004 

4009 4004a 4011a 
4012 ) 4003 / 4004 

-) 1 \ r 




4002 
4001 



4002 



4011b f 4004 
4012 4003 

.... 4010 4003 
4011a \ 4 004 j 4013 

^^^^^ 



4011a [ 4003 ( 4004 

4010 • 4004a 
4012 4003 4004 
) 4009 / 4004a / 4011a 





4002 



4001 



4002 



4004 



4011b / 4004 4003 4013 4011a \ 4003 4004a 

4012 4010 
4011a 4004 4011a 4012 4011a 4004a 4011a 

4003 / 4013 \ 4009 J 4003 I 4004 \ 



401 0 \ WU3 | 




7 




4002 
4001 



4002 



4011b / 4004 / 4011a ( 4011a ( 4003 I 4004a I v 4004 
4012 4003 4013 4010 4011a 4013 



Fig. 31 



Divisional of USSN 09/787,139 
Inventors: Honchin EN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 28 of 47 



(a) 



(b) 



4011a 4007 4005 4011a 4011a 4004 
4011a 4 °vL/L 4 °P 4 \ 4 0 , 1Q S ) 4 0°9 ( 4yM a / 4011a 

«ra 4002 




::.v^m-.-. 



4011b 




4001 



. ) 4004 / M007 s 4011a 
4005 4011a 4010 4005 4011a 



\ 4004 A 

4011a 



4002 



4005 4007 4010 

4004 / 4011b \ 4005 



4011a ^ 
4011b 




4011b 
4002 

4001 
4002 



' ««lb ?™ ""4011. 4005 «°*4011. 
40 lib 4005 .. 4on a — — 



1 4007 / 4 ^, 4( ! 1 l a _ 4007 4011a 



(c) 




4011a / 4011b I 40ila , — , dmi . 
4005 4011a 4011a 4005 011a 



4011a I 4011b 
4007 



Fig. 32 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 29 of 47 " 



(A) 



5030A 




5G3G 



5016 



(B) 





y/A 






> 




< 




5030 



(C) 



5018 



5016 






/ y 




y " y y 











5030 



( D) 



5036 5036a 

% rf=L 



5016 




T 
5034 5030 



(E) 



5038 



5036 




5038/ 5030 
5034 



Fig. 33 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 30 of 47 



(F) 



5034 



5028 5036 



5016 




5028 



5030 



(G) 




5034 



5036a 5028 5036 




5028 



5030 



( H ) 



5028 5029 




5029 5034 



5036 




5030 



5050a 5046 
5044 i 



( I ) 



I 1 

•■ • • • •.••>•-.••• - •■• ZHH 




5046 5044 



5030 



• 1 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Fig. 34 - Sheet 31 of 47 



5050 5048 




5048 





» 



Fig. 35 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 32 of 47 



5054 
I 



5056 



5052 



(N) 




5056 



5054 



5030 



5056 5060 



5058 



(O) 




5060 



5030 



5060 



5 Q 62 5058 



(P) 




' 5062 
5060 



5060 5162 



5160 



(Q) 



5160 



5060 5150 



5150 




5030 



II I' 

Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
p j g 3 g Formal Drawings 

... Sheet 33 of 47 




f 

'1 

« I 

Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 34 of 47 




Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Fig. 38 Sheet 35 of 47 




QQ 1 > 



1 



•1 



Divisional of USSN 09/787,139 
Inventors: Honchin EN 
Filed: January 6, 2004 
Fig. 39 Formal Drawings 

Sheet 36 of 47 



6030A 




6014 




6020 



1 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Fig. 40 Filed: January 6, 2004 

Formal Drawings 
Sheet 37 of 47 




Divisional of USSN 09/787, 1 39 
Inventors: HonchinEN 
i g 4i Filed: January 6, 2004 

Formal Drawings 
Sheet 38 of 47 



6023 6 ° 24 



6036 



(K) 



6026a 




6014a 



6030 



6036 6026a 



(L> 




6028 



6027 6036 



6026a 



6030 



i ^ — J 



(M) 




6030 



6028 60143 



t 

t 

Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
p i g 42 Formal Drawings 

Sheet 39 of 47 




6048 

6050 6048 6051 




6048 




•l 

Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Fig. 4 3 Formal Drawings 

Sheet 40 of 47 



(U) 




6056 6054 



(V) 




6060 



6060 6062 6058 




6160 6060 6150 



I 



I 



Divisional of USSN 09/787, 1 39 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
F * * . 4 4 Sheet 41 of 47 




I 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Fig. 4 5 Formal Drawings 

Sheet 42 of 47 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
F 1 g ■ 46 Sheet 43 of 47 




Divisional of USSN 09/787,139 
Inventors: Honchin EN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 44 of 47 



(A) 



6021 



6160 



6076U 



6056a 
6060 




6056 
6052 



6026a 



6036 



( B) 



6076U 




Il 



Fig- 48 



Divisional of USSN 09/787,139 
Inventors: Honchin EN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 45 of 47 



6076U 




6026a 



-6036 



*> 



Divisional of USSN 09/787,139 
inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 46 of 47 




Fig. 50 



Divisional of USSN 09/787,139 
Inventors: HonchinEN 
Filed: January 6, 2004 
Formal Drawings 
Sheet 47 of 47 




